Introduction
People with type 2 diabetes mellitus (T2DM) are at high risk of developing diabetic complications and life-threatening complications such as cardiovascular diseases, submit your manuscript | www.dovepress.com
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gouda et al dietary self-management of Japanese workers with T2DM is often affected by work-related factors, such as night shifts, workplace conformity, working overtime, and participation in workplace events. 6 Eating habits show strong relationships with age and cultural, social, economic, and psychological determinants and are integrated into the individual's daily routine over a long period. Meal frequency and times of eating can have a significant effect on various cardiac and metabolic parameters. 7 Several epidemiological studies of healthy adults and patients with T2DM have shown that poor eating habits, such as eating supper or snacking late at night and skipping breakfast, are associated with hyperglycemia and obesity, [8] [9] [10] [11] as well as predisposing individuals to developing T2DM. 12, 13 The timing of meals plays a critical role in regulating human internal circadian rhythms.
14 However, there have been only few investigations of the association between metabolic parameters and eating habits in workers with T2DM.
This retrospective, cross-sectional study using a medical claim database analyzed the relationship between eating habits and metabolic parameters in Japanese workers with T2DM in real world.
Subjects and methods Database
Under the Industrial Safety and Health Act, workers in Japan are legally obliged to undergo a health examination at least annually, and medical records are held in databases of the health insurance societies. 15 We obtained the available prescription and health examination records for the period from April 2009 to March 2015 held in the medical database of the Japan Medical Data Center (JMDC). This database stores a wealth of data on Japanese workers, uploaded from the databases of the health insurance societies. It holds not only medical claims but also records from medical check-ups, including clinical laboratory measurements and self-reports of lifestyle. It is possible to track individual workers over multiple periods of medical treatment. This study was not reviewed by an ethical committee and informed consent was not required, as this was a retrospective, observational study using a commercial database with anonymized data.
Study subjects
In this study, workers were defined as insured members of health insurance associations, but not their nonworking dependents. To exclude the workers with suspected T2DM, patients with a diagnosis of diabetes and a documented prescription for antihyperglycemic agents at least once during the period April-March of each year of the study period were included in this study. T2DM was identified by a disease classification code of either E11 (non-insulin-dependent diabetes mellitus) or E14 (unspecified diabetes mellitus) in the ICD (2003 version). Antihyperglycemic agents include those with the following Anatomical Therapeutic Chemical classification system subcodes: A10C, human insulins/insulin analogs; A10H, sulfonylureas; A10J, biguanides; A10K, thiazolidinediones; A10L, α-glucosidase inhibitors; A10M, glinides; A10N, dipeptidyl peptidase-4 (DPP-4) inhibitors; A10P, sodium-glucose co-transporter-2 inhibitors; and A10S, glucagon-like peptide-1 receptor agonists. The database included responses to questions asked in health check-ups, including about eating, exercise, and smoking habits, alcohol consumption, and sleep status.
The primary analysis set comprised workers who had measurements of HbA1c and body mass index (BMI) in a medical check-up conducted between April 2012 and March 2015 and who had provided answers to the following four questions on eating habits: When two or more medical check-up records were available for one worker, the most recent data were used.
Outcome and data analysis
The primary end point was the associations of eating habits with HbA1c and BMI. For the primary analysis set, least squares (LS) means and standard errors were calculated for HbA1c and BMI, and covariance analysis was performed in which sex, age, exercise habits, sleep, alcohol consumption, and diabetes treatment history (prescription record of antihyperglycemic agents within 3 months before medi- In this study, eating supper within 2 hours before bedtime, skipping breakfast, and eating snacks after supper were considered to be poor eating habits. We investigated the effects of single or multiple poor eating habits on HbA1c and BMI in an ad hoc analysis. Workers were considered to be without poor eating habits if they answered "No" to all three eating habit questions; this subgroup served as a reference. The remaining workers were grouped according to whether they answered "Yes" to one or to two or more of the three questions (referred to as "single" and "multiple" poor eating habits, respectively). The proportions of workers in these subgroups with HbA1c ≥7.0% and <7.0%, and with BMI ≥25 kg/m 2 and <25 kg/m 2 , were compared with those in the control population using Fisher's exact tests. Multivariate logistic regression models were used to examine the effect of multiple poor eating habits on glycemic control and obesity in the same way as was described above.
The statistical analyses were performed by JMDC using SAS ver.9.3 (SAS Institute Inc., Cary, NC, USA).
Results
characteristics of the primary analysis set
In total, 3,621,610 records were provided by JMDC, of which 1,836,555 were for insured members; 66,890 of these were identified as records of workers with T2DM receiving treatment with antihyperglycemic agents ( Figure S2 ). Of these, 33,397 records met the inclusion criteria as those of workers with T2DM and medical records, and 31,722 workers with medical check-up records between April 2012 and March 2015 were included in the primary analysis set. Their characteristics are shown in Table 1 . More than 90% of the workers were male, and the mean age was 54.7 years. The mean HbA1c and BMI were 7.27% and 26.29 kg/m 2 , respectively. There was no significant correlation between HbA1c levels and BMI (data not shown). Interestingly, HbA1c and BMI tended to be higher in the young age groups; the mean HbA1c and BMI values were the highest for the age group 20-40 years ( Figure 1 ).
More than one-third of the workers regularly ate supper within 2 hours of bedtime, and 14.5% regularly ate snacks after supper ( Table 1 ). The majority of workers (86.6%) ate breakfast five or more times a week, but 13.4% did not. Approximately 38% of workers ate fast compared with other people. Approximately 75% of the workers did not exercise regularly, 36.5% were smokers, and almost 60% consumed alcohol daily/sometimes.
effect of eating habits on glycemic control and obesity
Workers who ate supper within 2 hours of bedtime, skipped breakfast, and ate snacks after supper had significantly higher HbA1c than those who did not (P<0.001; Table 2 ). The proportion of workers with HbA1c ≥7.0% was greater in the subgroups with these eating habits (P<0.001; Table  3 ). Multivariate logistic regression analysis confirmed that skipping breakfast was significantly associated with HbA1c ≥7.0% (OR 1.33, 95% CI 1.24-1.42; P<0.001) (Figure 2A ). Eating supper within 2 hours of bedtime or eating snacks after supper was also significantly associated with HbA1c ≥7.0% (OR 1.18, 95% CI 1.12-1.25, and OR 1.18, 95% CI 1.10-1.26, respectively; both P<0.001). However, a fast eating speed was not associated with a change in HbA1c ( Figure 2A ).
The workers with the habit of eating supper within 2 hours of bedtime, skipping breakfast, eating snacks after supper, and eating faster had significantly higher BMIs (P<0.001) ( Table 2) . A significantly greater proportion of workers with these eating habits had BMI ≥25 kg/m 2 (P<0.001) ( Figure 2B ).
effects of single and multiple poor eating habits
Because the three poor eating habits were associated with worse levels of HbA1c and BMI, we examined the association of glycemic and body weight control with single and multiple poor eating habits in an ad hoc analysis. The numbers of workers with single and multiple poor eating habits were 11,093 and 4,304, respectively (Table 4) ; these workers tended to be younger, to be smokers, to exercise less, and to have inadequate sleep. The prevalence of HbA1c ≥7.0% and BMI ≥25.0 kg/m 2 was significantly greater among the workers with single and multiple poor eating habits than among those without (Table 4) . Multivariate logistic regression analysis demonstrated that single and multiple poor eating habits were significantly associated with HbA1c ≥7.0% (OR 1.16, 95% CI 1.10-1.22, and OR 1.43, 95% CI 1.33-1.54, respectively; both P<0.001) ( Figure 3A ) and BMI ≥25.0 kg/m 2 (OR 1.33, 95% CI 1.26-1.40, and OR 1.49, 95% CI 1.37-1.61, respectively; both P<0.001) ( Figure 3B ). The ORs for both HbA1c ≥7.0% and BMI ≥25.0 kg/m 2 were higher for the workers with multiple poor eating habits than for those with a single poor eating habit.
Discussion
This study analyzed data from the JMDC database for medical insurance associations, which is one of the largest medical databases with medical check-up data in Japan. Because the selected data sets were for insured members with a diagnosis of T2DM and prescribed antihyperglycemic medication, the subjects of this study were considered to be workers with T2DM. The results of the study showed clear associations 
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associations between eating habits and glycemic/body weight control between some eating habits and poor glycemic control and obesity, even under treatment with antidiabetic medication.
In the primary analysis set, mean HbA1c and BMI values were similar to those previously reported for workers with T2DM. 4 Approximately half of the workers had not achieved the therapeutic goal of HbA1c <7.0%, more than half were obese with BMI ≥25.0 kg/m 2 , and approximately one-fifth were severely obese with BMI ≥30 kg/m 2 . Taken together, obesity and poor glycemic control remain issues for workers with T2DM, despite taking antihyperglycemic medication.
The HbA1c and BMI levels tended to be higher in the younger workers. In the general population, young people often show less healthy eating habits compared with older generations. [18] [19] [20] Of the 929 workers aged 20-40 years in the primary analysis set, 428 (46.1%) regularly ate supper within 2 hours of bedtime, 225 (24.2%) skipped breakfast more than three times a week, and 159 (17.1%) regularly ate snacks after supper; these percentages were higher than for the workers aged ≥40 years (data not shown). Consistent with our data, poor glycemic control and obesity were more frequently reported in younger patients with T2DM. [21] [22] [23] Because early stage of T2DM is often asymptomatic, younger patients being busy with their job may be less motivated to their diabetic condition, have less time to foster a healthy lifestyle, and tend to be less adherent to medication. 22, 23 The National Health and Nutrition Survey in Japan and a study of Japan Clinicians Diabetes Association also reported the higher treatment discontinuation rate for males in the 40's or those diagnosed with T2DM in their 40's. 24, 25 Therefore, a higher rate of poor glycemic control and obesity in young patients is possibly due to poor compliance to proper dietary habits and to treatment. The results suggested that more effective intervention or changes in the lifestyle may be necessary for younger diabetic workers. Although regular exercise improves insulin sensitivity and promotes better glycemic control in patients with T2DM, 26 it is often difficult for patients to maintain regular exercise habits. In our study, approximately 75% of workers reported no regular exercise habits, whereas 72.2% of Japanese male workers without T2DM reported that they did not exercise regularly. 27 These results suggest that lack of regular, habitual exercise may be a common issue for workers in Japan.
The primary analysis revealed that the three poor eating habits were closely associated with both poor glycemic control and obesity. Previous reports have shown that night eating, including late-night snack, promoted weight gain Figure 2 Ors (95% cis) for (A) hba1c ≥7.0% and (B) BMi ≥25 kg/m 2 by eating habit (primary analysis set). Notes: The Ors, 95% cis, and P-values were evaluated by multivariate logistic regression using sex, age, exercise habit, sleep, alcohol consumption, and diabetes treatment history as covariates. The reference subgroup was those workers who answered "no" to the questions about eating habits or "normal" or "normal" + "Slow" to the question about eating speed. Abbreviation: BMi, body mass index. 29 This pattern of eating also enhanced postprandial glucose excursion and elevated 24-hour average blood glucose levels. 30 In addition, there was an inverse relationship between the frequency of breakfast consumption and the risk of obesity and T2DM. [31] [32] [33] The mechanism of weight gain after skipping breakfast may include possible consumption of large meals as lunch and supper, and reduced thermogenesis, as the thermic effect of food in the morning is higher than it is during midday and night time. 34 Skipping breakfast is associated with a significantly higher HbA1c and a higher hyperglycemic response to lunch and supper in people with T2DM. 35, 36 It has been shown that when breakfast was skipped, insulin, C-peptide, and intact glucagon-like peptide-1 levels were low, whereas glucagon and fatty acid levels were increased after lunch and supper. 36 This resulted in higher postprandial blood glucose levels. Subgroups with single and multiple poor eating habits were associated with significantly higher HbA1c and BMI, and subgroups with multiple poor eating habits had higher ORs for hyperglycemia and obesity compared with the subgroup without any of these poor eating habits. These results suggest that each poor eating habit contributes to poor glycemic control and the development of obesity in workers with T2DM.
The subgroup of workers who described their eating speed as Fast tended to have higher BMIs than the subgroups whose eating speeds were Normal or Normal + Slow. A fast eating habit has been reported to be associated with high BMI in nondiabetic obese subjects [37] [38] [39] and in people with T2DM. 40 In contrast, HbA1c level was not associated with fast eating in the present study. A previous study showed no difference in post-meal changes in blood glucose and the secretion of insulin in people with T2DM between those given liquid nutrition over 20 minutes and over 5 minutes. 41 Eating slowly while masticating may increase diet-induced thermogenesis after a meal, contributing to reduced body weight in obese subjects. 42, 43 Thus, the association between fast eating and high BMI but not HbA1c in the workers with T2DM in this study is consistent with that for people with T2DM in general population.
A limitation of this study was the lack of information about meal sizes, total energy consumption, constituents of meal or snack, and intake of nutraceutical/functional food, which plays a role in preventing metabolic syndrome, 44 by the individual workers over the course of the day. In addition, the self-reported lifestyle assessment was qualitative and may have included reporting bias. Although these questionnaires are widely used for medical check-ups in Japan, cautious interpretation of results is necessary because the definition of each response criterion in questionnaires differs depending on studies. The insured members of health insurance associations were not representative of all types of work, and 92% of Figure 3 Ors (95% cis) for (A) hba1c ≥7.0% and (B) BMi ≥25 kg/m 2 by poor eating habit. Notes: The Ors, 95% cis, and P-values were evaluated by multivariate logistic regression using sex, age, exercise habit, sleep, alcohol consumption, and diabetes treatment history as covariates. The reference subgroup was those workers who answered "no" to all three poor eating habit questions. Abbreviations: BMi, body mass index; hba1c, glycated hemoglobin.
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associations between eating habits and glycemic/body weight control the workers in this study population were male. We could not define the workers diagnosed with T2DM who were treated by lifestyle intervention alone from medical claim, as a large number of workers with suspected T2DM was included in this database. Finally, this was a retrospective, cross-sectional, epidemiological study, which cannot prove causal relationships, with incomplete database records, in some cases.
Despite these limitations, this database study demonstrated associations between poor eating habits and poor glycemic control and obesity in Japanese workers with T2DM treated with antidiabetic agents. Because a divided supper ameliorates postprandial hyperglycemia in patients with T2DM, 45 the results of this study suggest that improving eating habits would lead to improved glycemic and body weight control in workers with T2DM, as recommended in the American Heart Association's scientific statement. 7 As the JMDC database includes medical check-up data for a large proportion of insured Japanese workers, a systematic analysis of this database may provide the opportunity to examine relationships between lifestyle and diseases.
Conclusion
In summary, the results of our database study using medical claim and medical check-up data showed that eating time, skipping breakfast, and eating speed were significantly associated with glycemic control and body weight in T2DM workers treated with antidiabetic agents. Improving eating habits may aid weight control and help in the glycemic management of T2DM patients. 
